
 

 

 

 

 

APPENDIX A 

Weekday Daily Traffic Counts 
  



























 

 

 

 

 

APPENDIX B 

Intersection Turning Movement Counts 
March 28–31, 2016 

  





 

 

 

 

 

APPENDIX C 

Intersection Capacity Analyses 
Weekday AM/PM Peak Hour 

2016 Existing Conditions 
  



HCM Unsignalized Intersection Capacity Analysis
1: Hudson Rd & Route 117 6/2/2016

2016 AM Existing 7:15 am 3/29/2016 Baseline Synchro 9 Report
CY Wang Page 1

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Traffic Volume (veh/h) 574 82 115 315 62 190
Future Volume (Veh/h) 574 82 115 315 62 190
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.91 0.91 0.91 0.91 0.91 0.91
Hourly flow rate (vph) 631 90 126 346 68 209
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh) 2
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 721 1274 676
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 721 1274 676
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 86 57 54
cM capacity (veh/h) 881 157 452

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 721 472 277
Volume Left 0 126 68
Volume Right 90 0 209
cSH 1700 881 599
Volume to Capacity 0.42 0.14 0.46
Queue Length 95th (ft) 0 12 61
Control Delay (s) 0.0 3.9 25.7
Lane LOS A D
Approach Delay (s) 0.0 3.9 25.7
Approach LOS D

Intersection Summary
Average Delay 6.1
Intersection Capacity Utilization 71.6% ICU Level of Service C
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis
1: Hudson Rd & Route 117 6/2/2016

2016 PM Existing 4:45 pm 3/29/2016 Baseline Synchro 9 Report
CY Wang Page 1

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Traffic Volume (veh/h) 318 77 275 555 67 138
Future Volume (Veh/h) 318 77 275 555 67 138
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 342 83 296 597 72 148
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh) 2
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 425 1572 384
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 425 1572 384
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 74 20 78
cM capacity (veh/h) 1134 90 666

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 425 893 220
Volume Left 0 296 72
Volume Right 83 0 148
cSH 1700 1134 245
Volume to Capacity 0.25 0.26 0.90
Queue Length 95th (ft) 0 26 191
Control Delay (s) 0.0 5.6 76.7
Lane LOS A F
Approach Delay (s) 0.0 5.6 76.7
Approach LOS F

Intersection Summary
Average Delay 14.2
Intersection Capacity Utilization 79.5% ICU Level of Service D
Analysis Period (min) 15



 

 

 

 

 

APPENDIX D 

Preliminary Traffic Signal Warrants Analysis 
 

Table D-1 
2016 Existing Traffic Conditions 

 
Table D-2 

2016 No Traffic Diversion Assumption 
 
 

  



EB WB NB SB Warrant 1 Warrant 2 Warrant 7

7:00 535 198 0 92 711 87

8:00 656 452 0 168 1074 158 √ √ √

9:00 595 414 0 175 978 165 √ √ √

10:00 356 312 0 163 648 153 √ √

11:00 227 271 0 161 483 151 √ √

12:00 219 302 0 144 505 135 √

13:00 239 338 0 154 559 145 √

14:00 242 345 0 162 569 152 √ √

15:00 304 434 0 193 716 182 √ √

16:00 268 659 0 184 899 173 √ √ √

17:00 324 743 0 170 1035 160 √ √ √

18:00 376 789 0 151 1130 142 √ √

19:00 255 619 0 131 847 123 √

20:00 156 316 0 89 458 84

* Based on 3/28-31/2016 MassDOT counts and adjusted by seasonal factor 1.01 and axle factor 0.96
** Based on 3/28-31/2016 MassDOT counts and adjusted by seasonal factor 0.98 and axle factor 0.96

Warrant 1 (8-Hour Volume) is fulfilled. It requires that the traffic conditions (observed vehicular volumes higher than 
the specified minimum volumes) exist for each of any 8 hours of an average day. Condition A (Minimum Vehicular 
Volume) was applied in this case.

Warrant 2 (4-Hour Volume) is fulfilled. It requires that the traffic conditions (main street combined/minor street 
miximun volume falling above an applicable curve) exist for each of any 4 hours of an average day.

Warrant 7 (Crash Experience) is not fulfilled. The traffic conditions meets the volume requirement (higher than 80% 
of the volumes specified in Warrant 1), but does not meet the crash requirement: five or more correctable crashes in the 
recent 12-month period.  There were four correctable crashes in 2015.

Table D-1
Summary of Intersection Hourly Volumes and Warrant Analyses

2016 Existing Traffic Conditions

Hourly
period
Ending

Route 117
(main street)

Hudson Road
(minor street)

Sum of
main
street*

Max. of
minor
street**

Volumes above the required 
minimum on main/minor street



EB WB NB SB Warrant 1 Warrant 2 Warrant 7

7:00 535 198 0 92 569 69 √ √

8:00 656 452 0 168 859 126 √ √ √

9:00 595 414 0 175 783 132 √ √

10:00 356 312 0 163 518 123 √

11:00 227 271 0 161 386 121 √

12:00 219 302 0 144 404 108 √

13:00 239 338 0 154 448 116 √

14:00 242 345 0 162 455 122 √

15:00 304 434 0 193 572 145 √ √

16:00 268 659 0 184 719 138 √ √

17:00 324 743 0 170 828 128 √ √

18:00 376 789 0 151 904 114 √ √ √

19:00 255 619 0 131 678 99 √ √

20:00 156 316 0 89 366 67

* Based on 80% MassDOT adjusted counts (3/28-31/2016) 

Warrant 1 (8-Hour Volume) is fulfilled. It requires that the traffic conditions (observed vehicular volumes higher than 
the specified minimum volumes) exist for each of any 8 hours of an average day. Condition C (70% Basic Minimum 
Hourly Volume, assuming that Route 117 travel speedsexceeds 40 MPH) was applied in this case.

Warrant 2 (4-Hour Volume) is not fulfilled. It requires that the traffic conditions (main street combined/minor street 
miximun volume falling above an applicable curve) exist for each of any 4 hours of an average day.

Warrant 7 (Crash Experience) is not fulfilled. The traffic conditions meets the volume requirement (higher than 80% 
of the volumes specified in Warrant 1), but does not meet the crash requirement: five or more correctable crashes in the 
recent 12-month period. There were four correctable crashes in 2015.

Table D-2
Summary of Intersection Hourly Volumes and Warrant Analyses

2016 No Traffic Diversion Assumption

Hourly
period
Ending

Route 117
(main street)

Hudson Road
(minor street)

Sum of
main
street*

Max. of
minor
street*

Volumes above the required 
minimum on main/minor street



 

 

 

 

 

APPENDIX E 

HCM Reports 
Intersection Capacity Analysis 

Weekday AM/PM Peak Hour 
Traffic Signal Scenario under 2016 Existing Traffic 

 
 

  



HCM Signalized Intersection Capacity Analysis
1: Hudson Rd & Route 117 6/2/2016

2016 AM Existing Volumes 7:15 am 3/29/2016 Traffic Signal Scenario Synchro 9 Report
CY Wang Page 1

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Traffic Volume (vph) 574 82 115 315 62 190
Future Volume (vph) 574 82 115 315 62 190
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Width 11 11 11 11 11 11
Total Lost time (s) 5.0 4.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.98 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1711 1801 1694 1516
Flt Permitted 1.00 0.18 1.00 0.95 1.00
Satd. Flow (perm) 1770 329 1801 1694 1516
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 631 90 126 346 68 209
RTOR Reduction (vph) 6 0 0 0 0 190
Lane Group Flow (vph) 715 0 126 346 68 19
Heavy Vehicles (%) 2% 2% 2% 2% 3% 3%
Turn Type NA pm+pt NA Prot Perm
Protected Phases 4 3 8 2
Permitted Phases 8 2
Actuated Green, G (s) 29.4 36.7 36.7 5.1 5.1
Effective Green, g (s) 29.4 36.7 36.7 5.1 5.1
Actuated g/C Ratio 0.51 0.64 0.64 0.09 0.09
Clearance Time (s) 5.0 4.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 905 289 1149 150 134
v/s Ratio Prot c0.40 c0.03 0.19 c0.04
v/s Ratio Perm 0.25 0.01
v/c Ratio 0.79 0.44 0.30 0.45 0.14
Uniform Delay, d1 11.5 7.4 4.7 24.9 24.2
Progression Factor 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.8 1.1 0.1 2.2 0.5
Delay (s) 16.3 8.5 4.8 27.0 24.6
Level of Service B A A C C
Approach Delay (s) 16.3 5.8 25.2
Approach LOS B A C

Intersection Summary
HCM 2000 Control Delay 14.6 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.67
Actuated Cycle Length (s) 57.5 Sum of lost time (s) 17.0
Intersection Capacity Utilization 57.4% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis
1: Hudson Rd & Route 117 6/2/2016

2016 PM Existing Volumes 4:45 pm 3/29/2016 Traffic Signal Scenario Synchro 9 Report
CY Wang Page 1

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Traffic Volume (vph) 318 77 275 555 67 138
Future Volume (vph) 318 77 275 555 67 138
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Width 11 11 11 11 11 11
Total Lost time (s) 5.0 4.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.97 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1753 1711 1801 1728 1546
Flt Permitted 1.00 0.30 1.00 0.95 1.00
Satd. Flow (perm) 1753 532 1801 1728 1546
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 342 83 296 597 72 148
RTOR Reduction (vph) 11 0 0 0 0 133
Lane Group Flow (vph) 414 0 296 597 72 15
Heavy Vehicles (%) 2% 2% 2% 2% 1% 1%
Turn Type NA pm+pt NA Prot Perm
Protected Phases 4 3 8 2
Permitted Phases 8 2
Actuated Green, G (s) 18.5 32.1 32.1 5.2 5.2
Effective Green, g (s) 18.5 32.1 32.1 5.2 5.2
Actuated g/C Ratio 0.35 0.61 0.61 0.10 0.10
Clearance Time (s) 5.0 4.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 615 538 1097 170 152
v/s Ratio Prot c0.24 0.10 c0.33 c0.04
v/s Ratio Perm 0.23 0.01
v/c Ratio 0.67 0.55 0.54 0.42 0.10
Uniform Delay, d1 14.5 6.1 6.0 22.3 21.6
Progression Factor 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.9 1.2 0.6 1.7 0.3
Delay (s) 17.4 7.4 6.6 24.0 21.9
Level of Service B A A C C
Approach Delay (s) 17.4 6.8 22.6
Approach LOS B A C

Intersection Summary
HCM 2000 Control Delay 12.0 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.58
Actuated Cycle Length (s) 52.7 Sum of lost time (s) 17.0
Intersection Capacity Utilization 52.5% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



 

 

 

 

 

APPENDIX F 

Synchro Signal Timing Settings 
Intersection Capacity Analysis  

Weekday AM/PM Peak Hour 
Traffic Signal Scenario under 2016 Existing Traffic 

 
 

  



Timing Report, Sorted By Phase
1: Hudson Rd & Route 117 6/20/2016

2016 AM Existing Volumes 7:15 am 3/29/2016 Traffic Signal Scenario Synchro 9 Report
CY Wang Page 1

Phase Number 2 3 4 8 9
Movement NBL WBL EBT WBTL Ped
Lead/Lag Lead Lag
Lead-Lag Optimize Yes Yes
Recall Mode None None Min Min None
Maximum Split (s) 10 8 31 39 21
Maximum Split (%) 14.3% 11.4% 44.3% 55.7% 30.0%
Minimum Split (s) 10 8 10 10 21
Yellow Time (s) 4 3 4 4 2
All-Red Time (s) 1 1 1 1 1
Minimum Initial (s) 5 4 5 5 5
Vehicle Extension (s) 3 3 3 3 3
Minimum Gap (s) 3 3 3 3 3
Time Before Reduce (s) 0 0 0 0 0
Time To Reduce (s) 0 0 0 0 0
Walk Time (s) 4
Flash Dont Walk (s) 13
Dual Entry Yes No Yes Yes No
Inhibit Max Yes Yes Yes Yes Yes
Start Time (s) 0 10 18 10 49
End Time (s) 10 18 49 49 0
Yield/Force Off (s) 5 14 44 44 67
Yield/Force Off 170(s) 5 14 44 44 54
Local Start Time (s) 0 10 18 10 49
Local Yield (s) 5 14 44 44 67
Local Yield 170(s) 5 14 44 44 54

Intersection Summary
Cycle Length 70
Control Type Actuated-Uncoordinated
Natural Cycle 80

Splits and Phases:     1: Hudson Rd & Route 117



Timing Report, Sorted By Phase
1: Hudson Rd & Route 117 6/20/2016

2016 PM Existing Volumes 4:45 pm 3/29/2016 Traffic Signal Scenario Synchro 9 Report
CY Wang Page 1

Phase Number 2 3 4 8 9
Movement NBL WBL EBT WBTL Ped
Lead/Lag Lead Lag
Lead-Lag Optimize Yes Yes
Recall Mode None None Min Min None
Maximum Split (s) 12 14 23 37 21
Maximum Split (%) 17.1% 20.0% 32.9% 52.9% 30.0%
Minimum Split (s) 10 10 10 10 21
Yellow Time (s) 4 3 4 4 2
All-Red Time (s) 1 1 1 1 1
Minimum Initial (s) 5 5 5 5 5
Vehicle Extension (s) 3 3 3 3 3
Minimum Gap (s) 3 3 3 3 3
Time Before Reduce (s) 0 0 0 0 0
Time To Reduce (s) 0 0 0 0 0
Walk Time (s) 4
Flash Dont Walk (s) 13
Dual Entry Yes No Yes Yes No
Inhibit Max Yes Yes Yes Yes Yes
Start Time (s) 0 12 26 12 49
End Time (s) 12 26 49 49 0
Yield/Force Off (s) 7 22 44 44 67
Yield/Force Off 170(s) 7 22 44 44 54
Local Start Time (s) 0 12 26 12 49
Local Yield (s) 7 22 44 44 67
Local Yield 170(s) 7 22 44 44 54

Intersection Summary
Cycle Length 70
Control Type Actuated-Uncoordinated
Natural Cycle 70

Splits and Phases:     1: Hudson Rd & Route 117



 

 

 

 

 

APPENDIX G 

Meeting Memo 
Intersection Study: Route 117 at Hudson Street   

June 6, 2016 
Town of Stow 

 
 



Planning Board 

380 Great Road 

Stow, MA  01775 

Tel:  978-897-5098 

Fax: 978-897-2321 

Town of Stow 

Planning Board 

Memo 

To: Chen-Yen Wang - Chief Transportation Planner 

From: Jesse Steadman - Assistant Planner 

CC: Mark Abbot - CTPS; Joe Landry - Fire Chief; Bill Bosworth - Police Chief; Mike Clayton - Highway 

Superintendent; Kathy Sferra - Conservation Coordinator; Karen Kelleher - Town Planner; Bill 
Wrigley - Town Administrator 

Date: 6.13.2016 

Re: CTTA Hudson Road/117 Study Follow Up 

 

This memo outlines recommendations for information to be included in the final report for the CTTA Hudson 
Road/Route 117 study.   

 Section 5 – Proposed Improvements | Short-Term 

 The Fire Chief agreed that deer incidents tended to be further east than the study area, nearer to 
Gates Lane.  The report should recommend deer to be more in line with the incident area and to 
reduce the number of signs in the study area. 

 Highway Superintendent, Mike Clayton noted that the stop line was moved ahead of the crosswalk 
due to inadequate sight lines, behind the crosswalk.  Consider recommending that the Town 
should work with the owner of the Gulf station to alter the location of their sign to improve visibility 
of westbound traffic.  A recommendation should be included, directing the Town to look into further 
sight line enhancements near the Elizabeth Brook bridge to allow for the stop line to be moved 
behind the crosswalk. 

 A recommendation should be included that Planning and Building Department staff review 
licensure dates for the Gulf Station, and reach out to the ownership to determine potential for 
upgrades to the site, including options to relocate the diesel pump. 

 A recommendation could be included providing guidance on the best time to update/design the 
Hudson Road dividing island.  See bullet #2 under long term improvements below. 

Section 5 – Proposed Improvements | Long-Term 

 Recommendation that the Town pursue further study into northbound lane configuration as part of 
signalization or Complete Streets design studies. 

 The Highway Superintendent noted ongoing problems with vehicles running over the current island 
bump in Hudson Road. Do CTPS staff have any recommendations for improvements to an island 
design – and/or whether that should be included within the scope of a signalization study? 

 Improvement of pedestrian infrastructure, including any recommendations regarding pedestrian 
refuge on Hudson road.  

 Include note from the meeting that at this preliminary stage there appears to be room within the 
Right of Way to accommodate a left turn lane. 



 Page 2 

 

 It was discussed that the Town should pursue a Functional Design Report (25% design) to 
determine whether to move forward with signalization of the intersection. A recommendation 
should reference this discussion. 

 Recommendation should be included to be sure that any signalization or traffic designs in the study 
area not preclude the widening of the 117 Elizabeth Brook bridge. 

Gulf Station Comments 
Comments regarding the Gulf station’s impact should be added to the recommendations based on ideas 
discussed at the meeting. The following proposed improvements should be considered for the final report: 
 

 The narrowing of the Gulf Station’s 117 curb cut 

 Creating a right-turn-in and right-turn-out access at the 117 entrance, precluding left turn in 
movements. 

 Working with Gulf Station and Liquor Store owner to determine parking area configuration and 
access management 

 The Police Chief noted there are many fender bender accidents in the Gulf Station parking lot that 
fall under the $1000 threshold and therefore do not make it into the crash reports.  It should be 
noted that access management and circulation within the Gulf Station be addressed. 

 


